C
ancer chemotherapy effectively destroys cancer cells yet causes highly distressing adverse effects. Most patients experience more than one symptom; common symptoms include pain, fatigue, trouble sleeping, nausea and vomiting, and anxiety and depression. 1 Poorly controlled symptoms have been shown to adversely affect patient functioning and quality of life 2 and may lead to unplanned visits to the outpatient clinic and emergency department. 3, 4 Cancer chemotherapy is primarily delivered in the outpatient setting; thus, patients experience and self-manage treatment-related symptoms at home. Effective symptom monitoring and management at home can be challenging because of the number and varied degree of potential symptoms, the lack of effective communication methods between the patient and healthcare provider, and episodic management practices that are often inconsistent with clinical practice guidelines.
Patients typically receive verbal and written instructions about preventing and managing potential chemotherapy adverse effects, accompanied by a variety of prescriptions, days before the symptoms occur. Instructions are not typically tailored to a patient's specific symptom pattern. Nurses may follow up with the patient by phone, but more often patients must take an active role in notifying their provider when experiencing distressing symptoms. Often patients do not want to "bother" their providers; they may wait until the symptoms are seriously out of control and present at the emergency department. Better ways are needed to proactively monitor and manage symptoms at home, in between clinic visits.
Telehealth, the use of telecommunication and information technologies to provide healthcare to patients at home, 5 is one approach to improving symptom management that Author Affiliations: College of Nursing and Huntsman Cancer Institute, University of Utah, Salt Lake City (Drs Beck and Mooney); University of Washington of Nursing, Seattle, WA (Dr Eaton); and College of Nursing, University of Utah, Salt Lake City (Ms Echeverria).
This work was supported by research grants from the National Cancer Institute of National Institutes of Health (R01 CA89474 and R01 CA120558 to K.H.M., S.L.B., C.E.). The effort of L.H.E. was supported (in part) by the National Institute of Nursing Research of the National Institutes of Health under award T32NR013456.
The authors have disclosed that they have no significant relationship with, or financial interest in, any commercial companies pertaining to this article.
The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.
has been deployed in several populations. [6] [7] [8] Mobile phone and computer-based systems have been used by outpatients receiving chemotherapy as a symptom monitoring and management method and as an alert system for the cancer care team 1, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] (Table 1 ). The evidence indicates that these approaches were feasible and acceptable among patients and providers with inconsistent evidence about efficacy. 1, 22 Computer-based algorithms have successfully been used by clinicians for managing symptoms experienced by patients with cancer in the ambulatory care area 23 and for management of chemotherapy-related symptoms at home. 13 A key feature of many telehealth systems is the ability to generate alerts that can stimulate a clinical response. Clinical decision support systems are a type of telehealth software that integrates patient-generated information and alerts with rules, programs, or guidelines to direct patient care. 24 However, no systems to date have included a decision support system for home symptom management directed at patients receiving chemotherapy. Moreover, detailed information about the design and development of existing systems is limited.
OBJECTIVE
In this article, we describe the development and design features of SymptomCare@Home (SCH), an integrated symptom monitoring and management system, designed as part of a randomized clinical trial (RCT) to improve the symptom experience of patients with cancer receiving chemotherapy. Results of the RCT are reported elsewhere. 25 SymptomCare@Home expands upon our previous work in which we developed and tested an automated telephone-based symptom monitoring system to bridge the communication gap between patients and oncology providers about unrelieved symptoms (Table 1) . 1 Although patients and providers reported high satisfaction and ease of use, providers rarely contacted patients who reported moderate to severe intensity symptoms (alerts), so symptoms did not improve. Our research team thus sought to improve the system to help clinicians provide evidence-based care.
DESIGNING SYMPTOMCARE@HOME
The SCH system was designed to support implementation of the Chronic Care Model. 26 The model's goal is an informed patient whose care is led by a knowledgeable, proactive healthcare team resulting in satisfying interactions, quality care, and improved patient outcomes. 27 While this comprehensive model represents an entire healthcare system approach to chronic disease management, we addressed six factors of the model in designing SCH: (1) community, (2) the healthcare system, (3) self-management support, (4) delivery system design, (5) decision support, and (6) clinical information systems.
The SCH system includes both a patient and clinician interface and fully integrates two electronic systems: (1) an improved version of the telephonic interactive voice response (IVR) symptom monitoring to now include automated selfmanagement coaching and (2) a decision support-symptom management system (DS-SMS). We originally planned a full integration with the electronic health record (EHR), but that was not feasible for purposes of a clinical trial in multiple cancer centers. Such an integration was time intensive and cost prohibitive without preliminary data to support the feasibility and efficacy of the new system. We thus created tools in the DS-SMS to allow the clinician to efficiently obtain information from and document in the EHR.
Enhancing the Interactive Voice Response System: Architecture and Content Build
The process of enhancing the IVR system was informed by experience in system development, testing, and implementation, as well as empirical data from two studies: an RCT of the symptom monitoring and alerting system in 250 patients 1 and a pilot study of self-management messages in 26 women with breast cancer receiving chemotherapy. Systematic feedback via an exit interview with patients and providers in these studies informed changes to improve the usability and acceptability of the system (Figure 1) .
We maintained the basic architecture and logic of screens, drill-down assessments that added more specificity (eg, number of times vomiting), alerts, and integrated self-management messaging. We addressed patient user concerns of calls being too long when they were very sick by adding a shell filtering structure at the beginning of each call allowing multiple pathways to shorten or opt out of a call. We reviewed updated clinical practice guidelines and engaged clinical experts to validate and expand the content of the IVR system. We augmented and reframed the content to include 12 symptoms and corresponding selfmanagement coaching messages based on current chemotherapy drug toxicities. We added more sophisticated logic to simplify and shorten instructions after the user completed several days of reporting using a longer format with detailed instructions. We increased the sophistication of the algorithms and pathways for generating alerts, allowing both simple and complex alerts based on single reports, patterns, or combinations of reports. FEATURE ARTICLE designers then specified the initial structural elements for the SCH system. We simultaneously developed a template of content using a clinical practice guideline for fatigue. This template informed decisions about the structure of the system, which was intended to include elements of clinical practice guidelines. Our design team developed mock-up screenshots for review, and we made design decisions through a group process that considered workflow, user interface, and data capture. We then developed content for each screen and each symptom using a standardized approach. Expert oncology nurses built the content through review of published literature and national clinical practice guidelines. Symptom management strategies included both nonpharmacologic and pharmacologic interventions; we thus had to customize the system for consistency with pharmacy formularies within the participating cancer centers. A pharmacist from the Huntsman Cancer Hospital in Salt Lake City, UT, reviewed the pharmacologic information for accuracy and consistency with current practice and drug availability. Each participating medical oncologist also reviewed the content. If the physician wished to tailor treatment, and their preference was consistent with the clinical practice guideline, a reminder note was linked to the intervention in the DS-SMS.
Programming
The programming of both systems was completed through a partnership with Datatel Communication Systems (Miami, FL; http://www.datatel-systems.com/). Datatel is a provider of IVR hosted and managed services on the Cloud. The IVR runs on Datatel's CryptoIVR Advanced IVR Platform, a propriety platform designed for security and advanced logic handling. The DS-SMS was developed in .NET running on Microsoft IIS 7.5 Web server; both systems link to an MS SQL Database (.NET and SQL developed by Microsoft, Redmond, WA).
Testing and Refining the System
We systematically tested SCH by inputting plausible and implausible data at each and every data entry point to test the entire system's logic. In more than 200 test calls, staff reviewed reports and alerts to determine data accuracy and identify any glitches in the flow. The design team collaborated with Datatel to finalize the system and improve the user interface. The improvement process continued into the early implementation phase as nurse practitioner (NP) users identified problems and suggested improvements.
DETAILED CHARACTERISTICS OF THE INTEGRATED SYSTEM
The design process led to an integrated symptom monitoring and management system ( Figure 2 ) that was effectively utilized in an RCT with 358 patients who reported daily during their course of chemotherapy. As reported elsewhere, those randomized to SCH had significantly less overall symptom severity, a 40% reduction in moderate symptom days, and a 67% reduction in severe days, compared with usual care (both P < .001). 25 We describe here the detailed characteristics of the SCH system that resulted from the design process.
Symptom Monitoring
The IVR symptom monitoring system uses a widely applied technology of telephone-computer interface to monitor daily patient reports of symptom experience, as well as functional and healthcare utilization information. Each participant called a toll-free number and used a password to log into the system, which was stored on a secure and HIPAA-compliant server.
Using extensive branching logic and programming, the SCH system assesses whether a symptom occurred and, based on severity, gathers more detailed clinical information related to distress, associated factors, and current management strategies. The script for nausea and vomiting is displayed in Table 2 . The original system monitored fever plus nine common symptoms: pain, fatigue, nausea/vomiting, trouble sleeping, feeling nervous or anxious, feeling blue or down, sore mouth, diarrhea, and constipation. In our redesign, we enhanced the SCH system to also measure distress over appearance, numbness or tingling, and trouble thinking or concentrating, additional symptoms that are prevalent and distressing in patients receiving chemotherapy. Constipation, not usually an adverse effect of chemotherapy, was moved to a drill-down question related to pain.
A call day existed from midnight to the next midnight, and participants were instructed to call the IVR system before noon each day. In the initial study, compliance with daily calling was 65% over an average of 45 call-in days. 1 No calls for more than 2 days resulted in a research staff alert to telephone patients to assess for problems. Participants who did not call by noon received an automated reminder call from the IVR system in the afternoon. Calls were personalized to include the patient's name and a closing message recorded by his/her provider.
We learned from our original study that sometimes patients did not call or complete a call if they were too sick, had no symptoms, or were hospitalized. We thus added a screening question to begin each call by asking participants how they felt in the past 24 hours. Possible answers were as follows: they experienced symptoms (call continued); they were too sick to call; they had no symptoms; or they were hospitalized. If they answered yes to a triage question, the call ended. Using this approach, adherence increased to 90% in this RCT with an average participation time of 77 days. Of 26 513 calls, 54% were filtered because of no symptoms, 2.3% were too sick to call, and 0.02% were hospitalized.
The IVR system asked the patient if symptoms were present in the past 24 hours, and if present, patients rated severity and distress on a scale of 1 to10, an accepted standard that is commonly used clinically. Questions were stated simply and answered numerically with the touch-tone keypad. If fever was reported, the highest temperature was entered numerically and validated. In addition to symptoms, daily questions assessed functioning: the degree to which symptoms interfered with usual activities, attendance at work (for those employed), and amount of time spent lying down, resting, or sleeping. We subsequently enhanced the system by adding a daily module to monitor occurrence of falls and near falls, including type and context for the fall. Weekly calls assessed resource utilization and interaction with health providers or the health system including emergency department visits or hospitalization.
Self-management Coaching
Major additions to the IVR system included eight detailed informational self-management coaching messages from the pilot study in women with breast cancer; strategies were based on research evidence and validated by a national panel of medical and master's degree-prepared nurse oncologists. These included improving fluid intake, hints to improve eating, preventing weight gain, improving concentration and thinking, starting an exercise program, conserving energy (six parts), getting a good night's sleep (five parts), and improving pain relief. Specific symptom responses triggered integrated, tailored, and sometimes interactive self-management message recordings to instruct participants on how to better manage their symptoms. Self-management strategies were designed in several different ways. Some messages were programmed to be automatically given when a specific symptom threshold was reached. For example, if a patient reports a fever of 100.5°F or greater, SCH tells the person to report the fever to a physician. Alternatively, optional messages were offered in response to a symptom pattern; the patient could choose to listen or skip the message. For example, if a patient reported moderate levels of fatigue at least several days over If yes, on a scale of 1 to 10, how would you rate the severity of your nausea during the past 24 h? (Remember a rating of 1 means minimal nausea, and a rating of 10 means the worst nausea you could have. Please enter the number.) Nausea and Vomiting Drill-Down (if Severity on Screen Is ≥4) Earlier in the call you said that you have experienced nausea or vomiting. How many times have you vomited in the last 24 h? Please enter the number now. Have you felt dizzy or lightheaded? Press 1 for yes, or 2 for no. Now let's talk about your nausea. If you haven't had any nausea in the past 24 h, please press 0. If your nausea has occurred only once or twice in the last 24 h, please press 1. If it comes and goes, press 2. If it has been continuous, press 3. Please enter the number now. Have you taken any prescribed medication for nausea or vomiting in the last 24 h? Press 1 for yes, or 2 for no. If no, There may be many reasons why people don't take their medication. I am going to list a number of possible reasons that might explain why you have not taken your nausea medication. Let's see whether any of them will apply to you. If you were not given a prescription or because you don't have any, press 1. If you threw your medication up, press 2. If you forgot to take your medication, press 3. If you don't like how it makes you feel, press 4. If it doesn't work, press 5. If it costs too much, press 6. If there is another reason I haven't listed, press 7. To hear the list again, press #. Please enter the number now. In the last 24 h, how many 8-oz glasses, which is about a cup of liquid, have you been able to drink and keep down without vomiting? Please enter the number of glasses now.
the course of a week, he/she was told that research indicates that exercise, such as a walking program, can decrease fatigue in individuals receiving chemotherapy. Patients could choose whether to hear about starting an exercise program; those who listened were guided to set a walking goal for the week. Some self-management strategies were broken into small listening sessions that, once selected, would automatically offer the next session during each successive phone call. For example, energy conservation strategies were made available over a series of 6 days. For some symptoms, patients were asked to choose one of several strategies that might work. For example, if they reported trouble sleeping they could select from five different strategies to improve sleeping. Finally, all self-management strategies were available in a "library" menu that patients could elect to listen to at the end of any telephone session. Self-management strategies triggered by complex symptom patterns or presented in multiple components required longer programming time but allowed tailoring to patient symptom and preference. We also added a weekly module to monitor use and helpfulness of self-management recommendations.
Alerting-Connecting Patient Reports to Clinician Management
SymptomCare@Home automatically generates alerts based on preestablished thresholds that vary by symptom. Thresholds were initially established by an expert panel and then revised based on pilot work. 19 There are 44 different responses that generate a clinical alert requiring phone follow-up (Table 3 ). There are also "information only" alerts and alerts sent only to the research team. The types of clinical alerts include (1) alerts generated for each occurrence, such as a pain severity rating of 4 or greater on a scale of 1 to 10; (2) alerts requiring a certain pattern of responses such as trouble sleeping at a level of 4 or greater on a scale of 1 to 10 for 3 of the past 7 days; (3) alerts specific to a nonsymptom condition such as a fall; (4) general alerts such as "patient feels too sick to call"; and (5) alerts due to implausible responses that require validation or reentry of data. Each clinical alert was immediately transmitted after the call ended to the DS-SMS.
Nurse Practitioner Follow-up Using the Decision Support-Symptom Management System
The DS-SMS has several functions: (1) provides patientreported information about unrelieved symptoms and other problems that require attention; (2) allows the NP to manage the workflow and document responses to alert reports; (3) ties an alert-based unrelieved symptom with corresponding follow-up assessment checklists and specific intervention (pharmacologic and nonpharmacologic) based on national symptom guidelines; (4) provides immediate access via links to complete resources such as published guidelines; (5) provides a historical record of the symptom information collected over each cycle of chemotherapy allowing the NP to visualize patient specific symptom trends and patterns via graphs; and (6) automatically generates a report of all relevant data (based on checkboxes and text summaries) from each phone encounter.
Symptom assessment and intervention strategies were based on published guidelines from several professional organizations. The primary source (used with permission) was the National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology. 28 These guidelines are based on best available evidence, annually updated by expert panels, focused toward clinical use with decision pathways outlining specific management, and widely adopted within the oncology community. Other sources included evidence-based reviews from the Oncology Nursing Society's Putting Evidence Into Practice Resources program, 29 the Symptom Management Guidelines from Cancer Care Ontario, 30 Clinical Practice Guidelines for the Prevention and Treatment of Mucositis from the Multidisciplinary Association for Supportive Care in Cancer, 31 and the PDQ resources provided by the US National Cancer Institute. 32 The system follows usual workflow and was organized by symptom (see Supplemental Digital Content 1, http://links. lww.com/CIN/A36). The NPs review alerts automatically populated into a patient alert screen in the DS-SMS daily including weekends and holidays (see Screenshot A in Supplemental Digital Content). Prior to calling each patient, NPs review all pertinent information. The IVR feeds detailed drill-down information about the symptoms into the patient assessment screen (see Screenshot B); the NPs also have full access to the participants' EHR, which includes current medications, physician and nurse documentation, orders, laboratory tests, histories, and more. Nurse practitioners can also review past symptom alerts and graphs of symptom patterns.
After a full review of assessment data and noting important data in a free-text field, NPs phone the patient in response to the alert. To start the call, the NP clicks Set Start Phone Call Time Stamp button. The intervention screen contains a list of the symptoms and the guideline-based interventions (brief actions) that the NP uses and checks while talking with the participant (see Screenshot C). If an NP wants detailed information about the intervention, he/she simply clicks on the action and receives a drop-down menu of additional text to use as talking points. In addition, a Show Guideline drop-down menu links directly to current published guidelines. The intervention screen also includes a box for free-text documentation. The NP completes the call by pressing the Set End Phone Call Time Stamp, creating a record of the call length. Next, by closing the alert(s), the NP generates a report of the call indexed by date and retrievable by other NPs and designated staff. The report can also be electronically copied and pasted into the EHR.
Lessons and Improvements
Close communication with end users was critical during the early rollout of SCH. We identified and corrected some important issues such as a short time-out that led to the need to reenter data. During this phase, we added the date/time start stop feature so that we could easily monitor duration of NP phone interaction with patients. Nurse practitioners also requested the addition of a hospitalization alert and a patient summary screen for easy access to information that was in the EHR but frequently needed. These additions improved workflow and efficiency.
An audit and feedback process proved extremely valuable in improving the DS-SMS. For example, we audited the use of pharmacologic interventions in response to pain alerts. We found a low adherence rate, but when we presented the findings to the NPs, we learned that they were utilizing pharmacologic approaches that were not captured in the DS-SMS. Often patients already had an appropriate analgesic but were not taking it at all or taking it at less than optimal dose or frequency. We therefore redesigned the pain management intervention screen to capture these types of activities.
There were numerous other lessons learned in implementation that are informative for future system development.
Scope of practice for NPs is determined at a state level; therefore, attention to state law will be important in disseminating such a system in multiple states. We also encountered issues with particular types of insurance that did not cover drugs recommended by guidelines. During study implementation, the use of smartphones greatly increased and allowed the NPs to utilize the system wherever they were. Future versions should consider a mobile interface. A further enhancement would include an integrated message board to facilitate communication across the NPs. They utilized phone and e-mail to serve this function, but such messaging was not captured in the system data.
We had one unexpected event where the entire system went down because of a power outage. We subsequently developed a back-up system and protocol for handling such an event. Although we anticipated that phone access or the cost of cell phone minutes might be a barrier, we purchased only one cell phone to support participation.
DISCUSSION
Telehealth is becoming an important component of chronic disease management. We have described the process and results of designing an integrated symptom monitoring and management system. Similar to features in other systems (Table 1) , SCH has the capacity to (1) monitor patient symptoms; (2) provide patients with automated, tailored coaching using evidence-based symptom management strategies; and (3) deliver automated alerting to providers about the patient's symptom status. 1, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 33 Unique to the SCH system is the integration of a patient assessment and coaching system with a Web-based decision support system to guide symptom management by an NP. The NP is distinctively positioned to provide assessment, education, support, and pharmacologic and nonpharmacologic interventions to better manage symptoms at home. Patient care management by the NP has been shown to improve the health outcomes of patients receiving chemotherapy. 25, 33 The use of evidence-based guidelines as the foundation for the system guides the NP to deliver quality care. Decision support based on guidelines can facilitate more consistent practice among healthcare providers.
24,34 Documentation of evidence-based interventions allows for increased communication among cancer care providers about the patient's symptom severity, distress, and recommended or implemented treatment strategies, thus reducing the potential for fragmented care and improving symptom management.
Implementation of the system requires engagement of both the patient and NP. Because of the dynamic nature of the symptom experience following chemotherapy, the system required daily reporting by the patient. Although this frequency of calling may seem burdensome, the evidence indicated that it was not. Adherence to calling was consistently high. Calls were brief and also contributed to minimizing burden. Future research should examine optimal triggers and frequency for patients to call the system to ensure timely detection of new problems given the natural fluctuation of symptom presence and severity throughout a treatment cycle. It would be worthwhile to compare daily calls with asking patients to call the system on days when they experienced moderate or higher symptoms to determine if patients would obtain the same degree of symptom relief. The decision support system provided efficient and organized assessment and management of symptoms congruent with clinical practice guidelines yet allowed clinician judgment and personalized care. As guidelines become more prescriptive, future decision support systems will be able to use advanced programming logic to direct specific interventions for specific types of patients.
The design process was iterative and informed by chronic disease management theory 26, 27 and examples from IVR and case management systems used in other diseases. [6] [7] [8] 35 Key stakeholders participated in the design process: nurse scientists, clinical experts, bioinformatics experts, and computer programmers. The engagement of end users in using and improving the system is consistent with user-centered design methods. 36 This type of user feedback becomes particularly important as systems such as SCH are updated and refined. Fortunately, the development and testing of the system within a grant-funded program of research provided resources to design, test, and upgrade the system in an iterative way over time.
Advances in technology and digital health indicate many potential improvements in systems such as SCH. Developing integration with the EHR will be essential for translation into the practice setting and linking SCH data with administrative and clinical data. Electronic health record vendors are now developing the capacity to interface with other software programs that will make this challenge less burdensome. There are numerous opportunities to tailor the SCH system. Patients could be provided with optional interfaces such as a Web page, mobile app, or telephone-based IVR and could choose based on their preferences. Nurse practitioners could also choose a Web or mobile interface. We are currently expanding SCH to include additional symptoms, as well as symptom monitoring and coaching that is relevant to other cancer treatments such as surgery, radiation therapy, biotherapy, and immunotherapy. The system has also been adapted to support family caregivers in partnership with hospice care providers. Modules for surveillance during cancer survivorship and palliative care are also needed. Ultimately, the system itself could be designed to tailor the assessment questions and frequency to a specific type of patient and treatment; coaching could be tailored to the patient or family caregiver. Finally, a major challenge in any integrated clinical system is keeping it current with practice and research. It is essential to plan for system updates and upgrades as both clinical content and technology advance. Future designs should consider a user interface that allows content updates without the added expense of programming each time an update is needed.
CONCLUSION
SymptomCare@Home, designed to support patients receiving chemotherapy, is a model for providing telehealth to patients at home. Patient assessment, self-management coaching, alerting a clinician, and systematic follow-up using evidence-based guidelines are essential features of a comprehensive disease management approach. The design process and system features can be applied to other diseases and conditions.
